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BACKGROUND  
Growing up on my family’s farm in northwest Iowa, seedling diseases were not a major 
issue for farmers. In fact, I first learned about seedling diseases and the pathogens that 
cause seedling diseases, namely Pythium, Phytophthora, Fusarium, and Rhizoctonia 
species, during a plant pathology course I took at Iowa State University when I was an 
undergraduate student. It was not until I had my first encounter with a seedling disease 
caused by Pythium while working as a production agronomist trainee at a corn production 
plant in southeast Iowa that I fully understood the issues and challenges that seedling 
diseases presented. As a field agronomist for Iowa State University Extension and 
Outreach in east central Iowa, I continue to witness the challenges farmers face managing 
seedling diseases. Since my first encounter with seedling diseases, I have become very 
intrigued to learn more about them and the pathogens that cause them, particularly 
Pythium, and how to best advise farmers on managing against seedling diseases.  
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ABSTRACT 
Pythium species (spp.) are one of the major pathogens known to cause seedling diseases 
in corn in Iowa. Fungicide seed treatments can help provide protection for a window of 
time. Not all fungicide seed treatment active ingredients are effective against Pythium. 
Active ingredients that specifically target Pythium include metalaxyl, mefenoxam, 
ethaboxam, and picarbutrazox. Trials were established in 2017 and 2018 to examine the 
effect environmental conditions at planting, seed treatments, and previous crop residues 
(corn (Zea mays L.), soybean (Glycine max  L.), and winter rye (Secale cereal L.) have 
on early corn stand establishment, plant vigor (2018 only), seedling diseases caused by 
Pythium spp., stalk rot severity, final stand, barren plants (2018 only), and grain yield.   
 
The trials demonstrated the impact previous crop residues and planting date have on plant 
stands, plant vigor, root rot severity, stalk rot severity, final stands, barren plants, and 
grain yield. In 2017, corn stands were the lowest in a previous crop residue of winter rye 
compared to stands in continuous corn or soybean residue. Corn stands were the greatest 
in soybean residue in 2018 compared to those in corn or winter rye residue. Earlier 
planted corn had lower stand counts compared to later planted corn in both years. Plants 
were more vigorous (taller) when planted into soybean residue compared to those planted 
into winter rye residue or corn residue. Additionally, the earlier planted corn was more 
vigorous than the later planted corn. Root rot severity observed on corn plants in the 
continuous corn plots in 2017 and soybean residue plots in 2018 was less than that 
observed on the other crop residue treatments evaluated. The later planted corn had less 
root rot than the earlier planted corn in 2017, but the opposite was observed in 2018. 
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Stalk rot severity was the greatest in the continuous corn plots in 2017 and no effect of 
planting date on stalk rot severity was detected. Final stand counts were the greatest in 
corn planted into soybean residue in both years. The number of barren plants were the 
least in corn planted into soybean residue in 2018. Later planted corn had a greater final 
stand count than the earlier planted corn in 2017 but not in 2018. In both years, the corn 
in the soybean residue had the greatest yield. In 2017, the earlier planted corn yielded less 
than the later planted corn, and no planting date effect was detected on yield in 2018.  
 
Seed treatment effects were detected across all trials on corn stand 14 days after planting 
(DAP) in 2017 (p = 0.050) and at 28 DAP in 2018 (p = 0.017) as well as on root rot 
severity in 2018 (p = 0.024). In general, seed treatments that contained active ingredients 
that specifically targeted Pythium spp. improved stand and reduced root rot severity. 
Additionally, preliminary research identifying the Pythium spp. present in the trials, 
suggested P. sylvaticum was the most prevalent species recovered from corn seedlings in 
these trials.  
 
Results suggest that previous crop residue and environmental conditions around planting 
influence early corn stand establishment, plant vigor, seedling diseases caused by 
Pythium spp., stalk rot severity, final stand, barren plants, and grain yield.  Additionally, 
these results suggest that the use of a seed treatment that contains an active ingredient(s) 
that specifically targets Pythium spp. is an important tool farmers can utilize in protecting 
corn seedlings from seedling diseases caused by Pythium spp.  
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INTRODUCTION  
Pythium species (spp.) are one of the major pathogens known to cause seed and seedling diseases 
in corn (Zea mays L.) (Munkvold and White, 2016). Affected seedlings are generally scattered in 
the wetter areas of the field, and plants appear yellow, wilted, stunted, or dead (Malvick, 2003). 
Reduced plant vigor or missing plants negatively impact stand uniformity and plant population, 
which results in decreased yields at the end of the season (Nafziger et al., 1991). Plant 
pathologists in the U.S. and Canada estimated that seedling diseases and root rots resulted in an 
average yield loss of approximately 7.9 million Megagrams (126.5 million bushels) per year 
from 2012 to 2017, as summarized in Figure 1 (Mueller et al., 2016a; and Mueller et al. 2016b; 
Mueller et al. 2017). This equates to an estimated economic impact of $3.8 billion (USDA-
NASS, 2018a). Iowa is a leading corn producing state with 5.4 million hectares (13.3 million 
acres) of corn planted in 2018 (USDA-NASS, 2018b). The potential economic impact of 
seedling diseases in Iowa is high.  
 
 
Figure 1. Estimated corn yield losses due to seedling diseases and root rots from 2012 to 2017 by 
Plant Pathologists in the U.S. and Ontario. Derived from Mueller et al., 2016a; and Mueller et al. 
2016b; Mueller et al. 2017. 
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Favorable conditions  
Soil conditions have a direct impact on the time it takes for corn to germinate and emerge after 
planting. It may take more than three weeks for corn to emerge in 10 to 12.8oC (50 to 55oF) soils 
whereas corn in 21.1oC (70oF) soils can emerge in less than a week (Licht et al., 2001). Cool and 
wet conditions at or around planting delay emergence and provide seeding disease pathogens, 
like Pythium, a favorable environment and longer time to infect corn seeds or seedlings 
(Munkvold and White, 2016; Robertson and Munkvold, 2007).  
Different management practices can contribute to a favorable environment for seedling diseases 
caused by Pythium. For instance, previous crop residues may contribute to a favorable 
environment for seedling pathogens. Crop residues can alter the environment, making conditions 
more favorable for plant pathogens (Cook et al., 1978). Residue in a continuous corn system 
cannot only keep the soil cooler and wetter, providing a more favorable environment for seedling 
disease pathogens like Pythium, but the inoculum pressure can be higher as well (Robertson and 
Munkvold, 2007). Additionally, crop residues can also serve as alternative hosts to the plant 
pathogens (Cook et al., 1978). Research has shown that planting too soon after terminating a 
winter cereal rye (Secale cereal L.) cover crop can increase the risk for seedling diseases in corn 
(Bakker et al., 2016; Acharya et al., 2016; Acharya et al., 2017). Therefore, it is recommended to 
wait 10 to 14 days from terminating a rye cover crop to planting corn (Acharya et al., 2017). 
Furthermore, earlier planting dates and an increase adoption of conservation tillage or no-till also 
provide more favorable conditions for Pythium to infect corn because soils are usually cooler and 
wetter (Abendroth and Elmore, 2006; USDA-NASS, 2014; Comito et al., 2017; Martinez-Feria 
et al., 2016).  
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Pythium species   
Pythium spp. are classified as oomycetes or water molds (Munkvold and White, 2016). More 
than 30 Pythium spp. have been isolated from corn seedlings but not all those species are 
pathogenic (Munkvold and White, 2016). There are 18 known pathogenic Pythium spp. in corn 
(Munkvold and White, 2016). Examples of pathogenic Pythium  spp. in the Midwest include P. 
arrhenomanes, P. irregulare, P. lutarium, P. sylvaticum, P. torulosum, and P. ultimum 
(Munkvold and White, 2016). Efforts have been and are being made to gain a greater 
understanding on the biology of Pythium spp. and how environmental conditions affect their 
pathogenicity. For instance, Matthiesen et al. (2016) reported temperature influenced the 
aggressiveness of Pythium spp. They found P. torulosum was more aggressive at 13oC (55.4oF) 
while P. sylvaticum was more aggressive at warmer temperatures of 13oC (64.4oF) and 23oC 
(73.4oF). 
Seed Treatments  
Fungicide seed treatments are used to reduce damage by seedling disease pathogens, but they 
only help protect corn seeds and seedlings for a short window after planting. Most commercial 
corn is treated with a seed treatment that contains fungicide components. Fungicide seed 
treatments are usually composed of two or more active ingredients that target either fungal or 
oomycete pathogens. For example, the active ingredients captan, or QoI (strobilurin) (e.g., 
azoxystrobin) have activity against Rhizoctonia spp. and many Fusarium spp. (Crop Protection 
Network, 2018). Although QoI’s have some activity against oomycetes, active ingredients that 
specifically target Pythium spp. and other oomycete pathogens include metalaxyl (Allegiance®), 
mefenoxam (Apron XL®), and ethaboxam (IntegoTM). Research on new active ingredients that 
specifically target Pythium is ongoing. For example, picarbutrazox is a new active ingredient that 
specifically targets Pythium spp., and it is scheduled for registration on corn and soybean 
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(Glycine max L.) in the U.S. in 2020.  
 
One concern with the widespread adoption of fungicide seed treatments on corn is the 
development of resistance to active ingredients used in these seed treatments by the seedling 
disease pathogens. Fungicide seed treatments remain the best defense at managing seedling 
diseases. Studies have documented reduced sensitivity of Pythium spp. to some seed treatment 
active ingredients. In 2007, Broders et al. (2007) documented reduced sensitivity of Pythium spp. 
to mefenoxam as well as QoI (strobilurin) (namely azoxystrobin and trifloxystrobin) fungicide 
seed treatments in Ohio. It is unknown if the Pythium spp. developed reduced sensitivity to 
current seed treatments or if species differ in their sensitivity to various seed treatment 
chemistries. 
 
Small plot trials 
Efforts are being made to gain a greater understanding of Pythium spp. causing seedling disease 
of corn and management options that reduce their impact, including fungicide seed treatments. In 
2017 and 2018, small plot trials were conducted in southeast Iowa at the Iowa State University 
Southeast Research Farm (SERF) near Crawfordsville to evaluate the influence of environmental 
conditions at planting, seed treatments, and previous crop residues have on early corn stand 
establishment, plant vigor, seedling diseases caused by Pythium spp., stalk rot severity, final 
stand, barren plants, and grain yield.   
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MATERIALS AND METHODS 
Site description  
Field trials were conducted at the Iowa State University Southeast Research Farm near 
Crawfordsville, IA in 2017 and 2018. The mean annual precipitation ranges from 35 to 38 inches 
and the mean annual temperature ranges from 9.4 to 10.6oC (49 to 51oF) for this site. The 
predominant soil types were mapped as Taintor silty clay loam (fine, smectitic, mesic Vertic 
Argiaquolls), Mahaska silty clay loam (fine, smectitic, mesic Aquertic Argiudolls), and Otley 
silty clay loam (fine, smectitic, mesic Oxaquic Argiudolls).  
Experimental design  
A complete randomized block design was used to evaluate the efficacy of five seed treatments on 
corn. Moreover, the trial was planted into three fields that varied in cropping sequence, with 
either a previous crop of corn, soybean, or a winter cereal rye cover crop, hereafter referred to as 
winter rye, in both years. There were also two planting dates, an “early” and a “late” planting 
date, for each previous crop residue in each year. The recommended planting date for corn in 
southeast Iowa is April 17 to May 8 (Licht, 2018). Thus the “early” planting was targeted for the 
second week of April, and the “late” planting date for the end of April or first week of May. 
There were a total of 12 trials (site years).  
 
A four-row Seed Research Equipment Solutions (SRES) (South Hutchinson, KS) modified 
Monosem vacuum planter was used to plant the plots in 76.2-centimeter rows (30-inch rows) 
with a seeding rate of  88,958 seeds per hectare (36,000 seeds per acre) in 2017 and 79,034 seeds 
per hectare (32,000 seeds per acre) in 2018 at a targeted planting depth of  3.8 to 5.1 centimeters 
(1.5 to 2 inches). In 2017, the early planting date was April 12 and the late planting date was 
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May 9. For 2018, the early planting date was April 25 and the late planting date was May 8. 
Extremely cold, wet conditions in early April 2018 delayed the early planting date. Individual 
plots were 10.7 meters (35 feet long) and four rows wide. Each block was surrounded by a 
commercial corn hybrid to prevent interference from border and field edge effects. 
 
The winter rye was planted in the previous fall with a John Deere 750 no-till drill (John Deere & 
Co., Moline, IL) and was seeded at a rate of 1 bushel per acre. Previous results documented that 
terminating a winter rye cover crop seven days or less prior to planting or shortly after planting 
increases the risk for seeing seedling diseases caused by Pythium spp. (Archaya et al., 2017). 
Therefore, to create a more favorable environment for seedling diseases, the winter rye was 
terminated with glyphosate on April 11 for the early planting date (1 day before planting) and 
April 24 for the late planting date (14 days before planting) in 2017 and on April 27 for the early 
planting date (2 days after planting) and May 10 for the late planting date (1 day after planting) 
in 2018 using a 3-point Century 30-foot boom Sprayer with Turbo Tee Jet TT11004 nozzles 
(Teejet Midwest, Urbandale, IL).    
 
The plots with a previous crop of winter rye and soybean were no-till while the plots with a 
previous crop of corn were chisel plowed in the fall. Farm staff managed the weeds and fertility 
for the trials based on what would be representative management practices for southeast Iowa, 
except for the nitrogen (N) application, which was all sidedressed as 32% UAN when the corn 
was at V6. In 2017, the continuous corn plots and plots with the previous crop of winter rye 
received 247 kgs of N per hectare (220 lbs of N per acre) and the plots with the previous crop of 
soybeans received 191 kgs of N per hectare (170 lbs of N per acre). In 2018, the continuous corn 
plots received 224 kgs of N per hectare (200 lbs of N per acre) and the plots with the previous 
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crop of soybean and winter rye received 179 kgs of N per hectare (160 lbs of N per acre).  
 
The five seed treatments that were evaluated are included in Table 1. The hybrid used in the 
trials was Northrup King N70J-3111A, which was rated a 2 for emergence and seedling vigor 
based on the seed company rating scale, where 1 is the best and 9 is the worst (Syngenta, 2016). 
No rating was provided for stalk rots (Syngenta, 2016).  
 
Table 1. Seed treatments evaluated in the study and their active ingredients. 
Seed Treatment 
Number 
Treatment 
Active Ingredients 
(a.i.)  
Application 
Rate  
(mg a.i./seed) 
1 
Base  
(no Pythium product)  
fludioxonil  
sedaxane  
thiabendazole  
thiamethoxam  
cyantraniliprole   
0.006 
0.013 
0.05 
0.25 
0.25 
2 
Base 
 
 
 
picarbutrazox 
fludioxonil  
sedaxane   
thiabendazole   
thiamethoxam  
cyantraniliprole  
picarbutrazox 
0.006 
0.013 
0.05 
0.25 
0.25 
0.0025 
3 
Maxim®Quattro  
 
 
Vibrance®  
Cruiser®  
Fortenza®   
azoxystrobin 
fludioxonil  
mefenoxam  
thiabendazole  
sedaxane  
thiamethoxam  
cyantraniliprole  
0.0025 
0.006 
0.005 
0.05 
0.013 
0.25 
0.25 
4 
Maxim®Quattro 
 
 
 
Vibrance®   
Cruiser®  
Fortenza®  
picarbutrazox 
azoxystrobin 
fludioxonil  
mefenoxam  
thiabendazole  
sedaxane 
thiamethoxam  
cyantraniliprole 
picarbutrazox 
0.0025 
0.006 
0.005 
0.05 
0.013 
0.25 
0.25 
0.0025 
5 
MaximQuattro®  
 
 
 
azoxystrobin 
fludioxonil  
mefenoxam  
thiabendazole  
0.0025 
0.006 
0.005 
0.05 
8 
Vibrance® 
Cruiser®  
Fortenza®  
ethaboxam 
sedaxane  
thiamethoxam   
cyantraniliprole   
ethaboxam  
0.013 
0.25 
0.25 
0.0145 
 
 
Early season assessments  
Early season assessments included stand counts 14 days, 21 days (2017 only), and 28 days after 
planting (DAP), plant vigor assessments (2018 only), and root rot severity. Stand counts and 
plant vigor assessments were taken from the middle two rows of the plots. Stand counts were 
taken by counting the number of plants in the center two rows of the plots. In 2017, a tape 
measure was used to measure 1/1000th of an acre for a 30-inch row width (17 feet, 5 inches). In 
2018, stand counts were made counting the number of plants the full length of the plot, which 
was 35 feet. Stand counts were averaged between the two rows and converted to plants per acre. 
Plant vigor assessments were done only in 2018 with the 28 DAP stand counts by recording the 
number of plants in the middle two rows that were at least one growth stage behind the majority 
of plants. Growth stage was determined using the leaf collar method (Abendroth et al., 2011). 
 
Winter rye biomass measurements were collected in 2018 prior to planting and cover crop 
termination by using a square frame (30.5 cm by 30.5 cm) and cutting plants near the soil 
surface. One sample was randomly taken from each plot within the trial with the previous crop 
residue of winter rye. Samples were dried and weighed.  
 
Ten corn seedlings, five from each of the two outside rows of the plot, were arbitrarily sampled 
at the V2 to V3 development stage to evaluate root rot disease severity. These plants were dug up 
deeply enough, so the radical and seminal roots were attached to the corn seedlings. Soil was 
loosely shaken off in the field and plants were placed in a labeled plastic bag for each plot to be 
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brought to Iowa State University for root rot severity analyses. If plants were not brought back 
immediately to Iowa State University, they were stored in a refrigerator overnight and then 
brought to Iowa State University. In 2017, root rot severity was estimated using the Horsfall-
Barratt scale, where 1 = 0%, 2 = 0.1-3%, 3 = 3.1-6%, 4 = 6.1-12%, 5 = 12.1-25%, 6 = 25.1-50%, 
7 = 50.1-75%, 8 = 75.1-87%, 9 = 87.1-94%, 10 = 94.1-97%, 11 = 97.1-99.9% and 12 = 100% 
disease (Horsfall and Barratt, 1945). In 2018, root rot severity was visually estimated as the 
percent of rooted roots compared to the total root area.  
 
End of season assessments  
At physiological maturity, final stand counts, barren plant counts (2018 only), and stalk rot 
severity ratings were collected. The final stand counts and barren plant counts were counted from 
the middle two rows of each plot. Stalk rot data were collected arbitrarily from ten plants per 
plot, five from each of the two outside rows of each plot. Stalks were split in half from below the 
ear leaf down to the crown. In 2017, stalk rot ratings were collected from all plots. Stalk rot 
severity was assessed as the sum of the number of internodes that were rotted (black rotted 
tissues) plus the number of internodes with greater than 75% diseased. In 2018, stalk rot ratings 
were collected from the control plots (Treatment 1, the seed treatment contained no active 
ingredient against Pythium) by counting the total number of nodes and internodes that had any 
symptoms of disease to determine if stalk rot data should be collected from all the plots. If mean 
stalk rot severity was <2, no stalk rot data were collected from the plots where a seed treatment 
that contained an active ingredient against Pythium was used. All plots were harvested with a 
John Deere 9410 combine with a John Deere 643 head (John Deere & Co., Moline, IL) on 
October 30 in 2017 and on October 3 in 2018. Yield and moisture data were collected with the 
combine using a harvest master system.  
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Statistical analysis  
A statistical analysis of the data was done using PROC GLM in SAS. The experiment was 
analyzed for each year (2017 and 2018) and each cropping sequence (corn, soybean, and winter 
rye) separately as a complete randomized block design. Block nested within Trial was treated as 
a random factor in the model. Seed treatment, Trial, and the interaction of Seed treatment*Trial 
were treated as fixed factors in the model. After examination of residual plots, root rot severity 
was square root transformed and arcsine transformed before analysis for 2017 and 2018, 
respectively. Least squares means were determined for each treatment combination. Mean 
pairwise comparison (t-test, alpha = 0.1) was performed using the option PDIFF to detect 
differences among treatments. Contrasts and Estimates of the difference were calculated to 
compare previous crop residue and planting date. 
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RESULTS AND DISCUSSION 
Environmental conditions  
Soil temperature at the 10-centimeter depth (4-inch depth) and rainfall events are summarized for 
2017 and 2018 in Figures 2 and 3, respectively. In 2017, soil temperatures were greater than 
50oF for three plus weeks following planting with little rain falling after planting for the early 
planting date (April 12). With the late planting date (May 9), 1.5 centimeters (0.60 inches) of 
rain fell one day after planting and then no precipitation was recorded through the end of May. 
Soil temperatures were also greater than 10oC (50oF) at and after planting. In 2018, planting in 
general was delayed due to a late spring. Once conditions were favorable for planting, soil 
temperature remained above 10oC (50oF) at and after planting for the early planning date (April 
25) and late planting date (May 9). There was little rain after the early planting, and 5 
centimeters (2 inches) of rain occurred within one week of the late planting date before no 
precipitation was recorded through the end of May. Cool and wet conditions immediately after 
planting provide a more favorable environment for Pythium to infect corn (Munkvold and White, 
2016). Consequently, neither year of the study provided highly favorable conditions for Pythium 
infection. 
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Figure 2. Average daily 4-inch soil temperature (°C) and daily rainfall (cm) from April 1, 2017 
to May 31, 2017 obtained from a weather recording station located at SERF. (Iowa 
Environmental Mesonet, 2018a). 
 
 
Figure 3. Average daily 10.2 cm soil temperature (°C) and daily rainfall (cm) from April 1, 2018 
to May 31, 2018 obtained from a weather recording station located at SERF (Iowa 
Environmental Mesonet, 2018a). 
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Table 2. Significance of trial, block (trial), seed treatment, trial*seed treatment on plant stand at 
14 days after planting (DAP), 21 DAP, and 28 DAP, plant vigor, root rot severity, stalk rot 
severity, final stand, barren plants, and yield of corn in 2017 and 2018 in field trials established 
at the Iowa State University Southeast Research Farm. 
 
  
14 DAP 
Stand 
21 DAP 
Stand 
28 DAP 
Stand 
Plant  
Vigor 
Root Rot Severity 
2017 MS P >F MS P >F MS P >F MS P >F MS P >F 
Trial  30573864079 <.001 333235110 <.001 1666175549 <.001 - - 0.9665 <.001 
Block (Trial)  17075649 0.680 12785991 0.730 3835797739 0.914 - - 0.0373 0.060 
Seed Treatment 
(ST)  
48806923 0.050 29246897 0.134 29246897 0.210 - - 0.0237 0.430 
Trial*ST 13837660 0.825 24237498 0.512 24237498 0.240 - - 0.0639 0.001 
Error 19924978 - 19661637 - 19661637 - - - 0.0246  
2018           
Trial  145143864 <.001 - - 25674016 <.001 54.63 <.001 0.0047 <.001 
Block (Trial)  51925519 <.001 - - 37029840 <.001 6.74 0.428 0.0005 0.170 
Seed Treatment 
(ST)  
1732671 0.900 - - 12473751 0.017 3.83 0.673 0.0006 0.024 
Trial*ST 4835603 0.780 - - 6773400 0.043 8.17 0.223 0.0004 0.803 
Error 6556419 - - - 3990542 - 6.50 - 0.0005 - 
  
Stalk Rot 
Severity 
Final Stand Barren Plants Yield 
2017 MS P>F MS P>F MS P>F MS P>F 
Trial 8.32 <.001 1341543464 <.001 - - 158 <.001 
Block (Trial) 0.36 0.779 18720046 0.445 - - 1.5 0.034 
Seed Treatment 
(ST) 
0.24 0.712 16659893 0.460 - - 0.46 0.732 
Trial (ST) 0.46 0.461 23345865 0.208 - - 1.36 0.099 
Error 0.46 - 18283968 - - - 0.92 - 
2018         
Trial - - 82851954 <.001 19.7 <.001 54.4 <.001 
Block (Trial) - - 31176227 <.001 3.48 0.477 0.79 0.974 
Seed Treatment 
(ST) 
- - 10333579 0.204 0.07 0.999 1.04 0.586 
Trial (ST) - - 7724729 0.330 2.61 0.768 1.34 0.563 
Error - - 6843681 - 3.48 - 1.46 - 
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Plant stands  
Across all trials in 2017 and 2018, seed treatments that contained an active ingredient that 
specifically targeted Pythium spp. generally increased plant stand. Differences in plant stands 
due to seed treatments were only detected on plant stands at 14 DAP in 2017 (p = 0.045) and at 
28 DAP in 2018 (p = 0.017) (Table 2). In 2017, the base seed treatment with no active ingredient 
against Pythium had a lesser stand at 14 DAP across all trials compared to all other seed 
treatments (Table 3). In 2018, seed treatment 5 had greater plant stands at 28 DAP across all 
trials compared to the other seed treatments (Table 3). The lack of favorable environmental 
conditions for Pythium infection in both years may have reduced the chance to detect differences 
among seed treatments on plant stand.  
 
Table 3. Effect of seed treatment on corn stand at 14 days after planting (DAP) in 2017 and 28 
DAP in 2018 in field trials established at the Iowa State University Southeast Research Farm1.  
 
 Year  
 Seed Treatment   
20172 20183 
14 DAP 
(plants/hectare) 
28 DAP 
(plants/hectare) 
1  77,160 b 71,074 b 
2 79,560 a 71,400 b 
3  79,286 a 71,518 b 
4 78,978 a 71519 b 
5  78,978 a 72,514 a 
1Means followed by the same letter within a column are not significantly different at P value 0.1 using PDIFF method to 
determine significant difference. 
2The seeding rate in 2017 was 88,958 seeds per hectare (36,000 seeds per acre). 
3The seeding rate in 2018 was 79,034 seeds per hectare (32,000 seeds per acre). 
 
 
While little differences in plant stands were detected among the seed treatments, differences in 
plant stands were detected based on previous crop residue and planting date in 2017 (Figure 4 
and Table 4) and 2018 (Figure 5 and Table 5). 
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Figure 4. Plant stands at 14 days after planting (DAP), 21 DAP, 28 DAP for corn seedlings planted early or late and into a previous 
crop residue of corn, winter rye of soybean in field trials established at the Iowa State University Southeast Research Farm in 2017. 
 
 
 
Table 4. Effect of previous crop residue and planting date on plant stand of corn at 14, 21, and 28 days after planting (DAP) in field 
trials established at the Iowa State University Southeast Research Farm in 2017. 
 14 DAP 21 DAP 28 DAP 
Contrast MS Estimate Pr>F MS Estimate Pr>F MS Estimate Pr>F 
Corn vs Rye 50096479195 40864 <.001 1112838490 6091 <.001 878537316 5412 <.001 
Corn vs Soybean 112228827 1934 0.019 622364 NS 0.870 114312 NS 0.939 
Soybean vs Rye 45466443124 38930 <.001 1060826602 5947 <.001 858608952 5350 <.001 
Early vs Late 35480778675 -28080 <.001 156615692 -1866 <..010 9788481 NS 0.482 
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Figure 5. Plant stands at 14, 21, 28 days after planting (DAP) for corn seedlings planted early or late into previous crop residue of 
corn, winter rye of soybean in field trials established at the Iowa State University Southeast Research Farm in 2018.  
  
. 
 
Table 5. Effect of previous crop residue and planting date on plant stand of corn at 14, 21, and 28 days after planting (DAP) in field 
trials established at the Iowa State University Southeast Research Farm in 2018.  
 14 DAP 28 DAP 
Contrast MS Estimate Pr>F MS Estimate Pr>F 
Corn vs Rye 7623965 NS 0.283 16460905 741 0.046 
Corn vs Soy 19318701 -802 0.089 8919499 NS 0.138 
Soy vs Rye 51214881 1307 0.006 49614515 1286 0.001 
Early vs Late 479635557 -3265 <.001 5506020 NS 0.243 
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Plant stand was the greatest in plots planted either in the corn or soybean residue and least in 
those planted in the winter rye residue in 2017 (Table 4, Figure 4) and 2018 (Table 5, Figure 5). 
Root rot observed on corn seedlings was more severe in the plots with winter rye residue than 
those with corn or soybean residue, and this may have contributed to reduced stands.  Planting 
depth in the winter rye residue; however, was not as consistent as it was in the corn or soybean 
residue. Thus, the lower plant stand that occurred in the plots with winter rye residue might also 
be attributed to incorrect planter settings for planting into the rye residue. Uneven planting depth 
is known to have a negative impact on corn stand establishment (Nielsen, 1993). It should also 
be noted that no rye biomass data was collected in 2017, but in 2018, winter rye biomass was 
greater at the later planting date (217 kg/hectare) than the earlier planting date (712 kg/hectare).  
 
Plant stand was less at 14 DAP (2017 and 2018) and 21 DAP (2017) in plots planted at the 
earlier planting date compared to the late planting date. Soil temperatures were lower with the 
earlier planting date in both years of the study (Figure 2 and 3). The average 10-centimeter (4-
inch) depth soil temperature within first week of planting for the early planting date was 12.7oC 
(55oF) in 2017 and 11.7oC (53oF) in 2018, compared to 16.1oC (61oF) and 16.7oC (62oF) for the 
first week of the late planting for 2017 and 2018, respectively (Iowa Environmental Mesonet, 
2018b). Cooler soil temperatures result in slower emergence (Licht et al., 2001), and the cooler 
soil temperatures with the early planting dates in both years likely slowed emergence. However, 
no difference was detected between the 28 DAP stand counts with the early and late planting 
date. 
    
 
Plant vigor  
Plant vigor was assessed only in 2018. Seed treatment had no effect on plant vigor (p = 0.673). 
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Plant vigor can be related to seedling emergence. Seedlings that emerge later are usually stunted, 
a growth stage or more behind seedlings that emerge earlier. Previous crop residues and planting 
dates did however affect plant vigor (Table 6). Plant vigor was best in the soybean residue 
followed by the corn residue and was the poorest in the winter rye residue. It was interesting that 
the later planted corn had more stunted plants compared to the earlier planted corn (p<.001) 
(Table 7). These results illustrate how different previous crop residues and planting date can 
impact the environmental conditions found in each field. Previous research has shown crop 
residues on the soil surface alter the environment into which seeds are being planted as do tillage 
practices and planting date. For instance, more residue on the soil surface and, in general, the 
earlier the planting date, the cooler are soil temperatures (Cook et al., 1978; Abendroth and 
Elmore, 2006; USDA-NASS, 2014). Slower emergence increases the risk for seedling disease 
infection and consequently reduced plant vigor (Robertson and Munkvold, 2007). Understanding 
how management practices alter environmental conditions is a big part of understanding how to 
better manage against seedling disease pathogens, like Pythium.  
 
While a generalization may be that cooler and wetter conditions are more favorable for 
pathogens like Pythium, not all Pythium spp. are pathogenic at cooler soil temperatures. For 
instance, P. torulosum is more aggressive at soil temperatures of 13oC (55.4oF) and caused little 
disease at 23oC (73.4oF), while P. sylvaticum was more aggressive at temperatures of 18oC 
(64.4oF) and 23oC (73.4oF) (Matthiesen et al., 2016). In these trials in 2018, more root rot was 
observed with the later planted corn than the earlier planted corn. Preliminary research 
identifying the species of Pythium present in the trials suggested P. sylvaticum was the most 
prevalent species recovered from corn seedlings in these trials. Thus, it makes sense that more 
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root rot was observed with the later planted corn that the earlier planted corn, and that the later 
planted corn had reduced plant vigor, as that is often a symptom of seedling diseases. 
  
Table 6. Effect of previous crop residue on corn seedling plant vigor in field trials established at 
the Iowa State University Southeast Research Farm in 20181. 
  
  
  
  
 
  
 
 
 
 
 
 
1Means followed by the same letter within a column are not significantly different at P value 0.1 using PDIFF method to 
determine significant difference. 
2 Plant vigor was assessed by counting the number of plants in the middle two rows that were at least one growth stage behind the 
majority of plants. Data shown is the percent of plants that were at least one growth stage behind.  
 
 
 
Table 7. Effect of planting date on corn seedling plant vigor in field trials established at the Iowa 
State University Southeast Research Farm in 20181. 
  
  
  
  
 
 
 
 
1Means followed by the same letter within a column are not significantly different at P value 0.1 using PDIFF method to 
determine significant difference. 
2Plant vigor was assessed by counting the number of plants in the middle two rows that were at least one growth stage behind the 
majority of plants. Data shown is the percent of plants that were at least one growth stage behind.  
 
 
Root rot severity  
No effect of seed treatments on root rot severity were detected in 2017 (p = 0.430); however, 
differences in root rot severity were detected in 2018 among the seed treatments across all trials 
(p = 0.024) (Table 8). Root rot severity was less with seed treatments that contained an active 
ingredient(s) that specifically targeted Pythium. It was interesting that differences in root rot 
Previous Crop Plant Vigor (%)2 
Corn 4.0 b 
Soybean 2.5 a 
Winter Rye 4.2 b 
P >F  
Corn vs Rye 0.599 
Corn vs Soy 0.002 
Rye vs Soy <.001 
Planting Date Plant Vigor (%)2 
Early 2.5 a 
Late 4.5b 
Early vs Late P >F <.001 
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severity were detected among seed treatments despite the unfavorable conditions for Pythium. 
Seed treatments 3 and 5 reduced root rot severity compared to seed treatment 1 (the control).  
Table 8. Seed treatment effect on corn root rot severity in field trials established at the Iowa State 
University Southeast Research Farm in 20181. 
  
  
 
 
 
 
  
  
 
1Means followed by the same letter within a column for each year are not significantly different at P value 0.1 using PDIFF 
method to determine significant difference.   
2Root rot severity visually estimated compared to the total root area. 
 
Contrasts showed previous crop residue (Table 9) and planting date (Table 10) affected root rot 
severity in both 2017 and 2018. In 2017, more severe root rot was observed in corn seedlings 
planted into soybean crop residue and terminated winter rye cover crop than corn residue. In 
2018, the greatest root rot was observed in the corn seedlings planted into winter rye residue 
(Table 9). No-till is known to keep the soil cooler and wetter, creating a more favorable 
environment for seedling disease pathogens like Pythium to infect corn seedlings (Johnson and 
Lowery, 1985; Robertson and Munkvold, 2007). The corn planted into the soybean residue was 
no-tilled whereas the corn residue was chisel plowed in the fall. This may explain why more 
severe seedling root rot was observed in the corn seedlings in the soybean residue compared to 
the continuous corn in 2017. Additionally, winter rye is an alternative host of Pythium (Acharya 
et al., 2016; Acharya et al., 2017).  Acharya et al. (2017) found that the shorter the interval 
between terminating a winter rye cover crop and planting corn, the more seedling disease was 
observed on corn seedlings, especially those caused by Pythium spp. Other than the late planting 
in 2017 when the winter rye cover crop was terminated 14 days before the late planting, the 
Seed Treatment Root Rot Severity (%)2 
1 5.6 a 
2 4.8 abc 
3 4.0 c 
4 5.1 ab 
5 4.4 bc 
P >F 0.024 
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winter rye cover crop was terminated within a day or two before or after the planting date. The 
short window between termination and planting, likely contributed to why more root rot was 
found on corn seedlings in winter rye compared to seedlings in corn residue in both years and 
seedlings in soybean residue in 2018. The longer interval (14 days) between the cover crop 
termination and planting with the late planting in 2017 may have contributed to why no 
difference in root rot severity was observed between the seedlings in the winter rye residue and 
soybean residue in 2017.  In 2018, corn planted into the soybean residue had significantly less 
root rot than corn planted into the corn residue. Continuous corn is known to increase inoculum 
pressure for seedling diseases (Robertson and Munkvold, 2007), and thus may have played role 
in why more root rot was observed in 2018 in the continuous corn plots than the plots with 
soybean residue.  
Table 9. Effect of previous crop residue on corn root rot severity in field trials established at the 
Iowa State University Southeast Research Farm in 2017 and 2018. 
 
  
  
  
  
  
  
  
  
 
 
1Means followed by the same letter within a column for each year are not significantly different at P value 0.1 using PDIFF 
method to determine significant difference.   
2The Horsfall Barratt scale was used to determine root rot severity (Horsfall and Barratt, 1945).  
3Root rot severity visually estimated compared to the total root area.  
 
 
Generally, the earlier the planting date, the more likely soils are cooler and wetter and more 
favorable for seedling disease infection by pathogens, like Pythium (Abendroth and Elmore, 
2006; Munkvold and White, 2016; Robertson and Munkvold, 2007). In both years, the earlier 
Previous Crop 
2017 Root Rot 
Severity2 
2018 Root Rot 
Severity (%)3 
Corn  3.7 b 4.5 b 
Soybean  4.3 a 3.5 c 
Winter Rye  4.4 a 6.3 a 
P >F   
Corn vs Rye  
Corn vs Soy  
Rye vs Soy  
<.001 
<.001 
0.389 
<.001 
0.014 
<.001 
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planting dates did have cooler soil temperatures than the later planting dates (Figure 2 and 3). 
Therefore, it was not surprising that in 2017 root rot severity was greater in the earlier planting 
date than the late. It was interesting that root rot severity was greater with the later planting in 
2018 than the earlier planting date. Prior research has shown that different Pythium spp. might be 
more aggressive under different soil temperatures (Matthiesen et al., 2016). As noted above, 
preliminary research identifying the species of Pythium present in the trials suggested P. 
sylvaticum was the most prevalent species recovered from corn seedlings in these trials. Since P. 
sylvaticum is more aggressive at warmer soil temperatures, this would help explain why more 
root rot was observed on the later planted corn compared to the earlier planted corn.  
Table 10. Effect of planting date on corn root rot severity in field trials established at the Iowa 
State University Southeast Research Farm in 2017 and 20181 
 
 
  
  
1Means followed by the same letter within a column for each year are not significantly different at P value 0.1 using PDIFF 
method to determine significant difference.   
2The Horsfall Barratt scale was used to determine root rot severity (Horsfall and Barratt, 1945).  
3Root rot severity visually estimated compared to the total root area.  
 
Stalk rot severity  
No statistical differences were detected among the seed treatments on stalk rot severity in 2017 
(p = 0.7117). In 2018, the average stalk rot severity was 0.17 on the control plots (Treatment 1, 
the seed treatment contained no active ingredient against Pythium). Since stalk rot severity was 
so low, similar data were not collected for the remaining treatments. Differences in stalk rot 
severity by previous crop residues were detected in 2017 using contrasts (Table 11) but not 
detected between planting dates (p = 0.3446). Greater stalk rot severity was observed in corn 
Planting Date 
2017 Root Rot 
Severity2 
2018 Root Rot 
Severity (%)3 
Early 4.4 b 4.0 a 
Late  3.9 a 5.6 b  
P >F   
Early vs Late   <.001 0.028 
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planted into corn residue compared to corn planted into soybean or winter rye residue. Many 
factors can contribute to the presence or absence of stalk rots in a field. Continuous corn may 
increase the inoculum for the pathogens that cause stalk rots to develop (Robertson and 
Munkvold, 2007). In 2017, a drought occurred at SERF. Drought conditions also cause plant 
stress, which can lead to reduced carbohydrate production during grain fill and increase the risk 
for stalk rots (Robertson and Munkvold, 2007). A potential reason for why less stalk rot was 
observed in the winter rye may relate to ear size, as ears were generally smaller on the plants in 
the winter rye plots compared to those in the continuous corn plots. With smaller ears, perhaps 
the plants were less likely remobilize carbohydrates from the stalk to support kernel growth, 
which in turn left the stalk less susceptible to stalk rot pathogens (Munkvold and White, 2016).  
 
Table 11. Effect of previous crop residue on corn stalk rot severity in field trials established at 
the Iowa State University Southeast Research Farm in 20171. 
 
 
  
  
  
  
  
  
1Means followed by the same letter within a column for each year are not significantly different at P value 0.1 using PDIFF 
method to determine significant difference.   
2Stalk rot severity was assessed as an index, which was the sum of the number of internodes that had disease plus the number of 
internodes with greater than 75% disease. 
 
 
 
Final stand and barren plants  
No statistical differences were detected among the seed treatments with the final stand in 2017 or 
2018 (p = 0.4598 and p = 0.2036, respectively) nor with the barren plants in 2018  
(p = 0.9992). Differences between the previous crop residues (Table 12) and planting dates were 
Previous Crop  Stalk Rot Severity2  
Corn  2.2 a 
Soybean  1.3 b 
Winter Rye  1.3 b 
P >F  
Corn vs Rye  
Corn vs Soy  
Rye vs Soy  
<.001 
<.001 
0.787 
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detected using contrasts (Table 13). In 2017, the final stand was significantly lower for corn 
following winter rye compared to the final stand of the plots with corn or soybean residue. Since 
early season stand was lower in the rye plots, it was expected that final stand would also be 
lower at the end of the season. In 2018, final stand was the greatest in the plots with soybean 
residue and there were also fewer barren plants compared to the plots with continuous corn or 
winter rye. Since the corn planted into the soybean residue had greater early stands, less root rot, 
and better plant vigor, these factors likely attributed to the final stand and fewer barren corn 
plants in the soybean residue.  
 
Table 12. Effect of previous crop residue on final stand and barren plants of corn in field trials 
established at the Iowa State University Southeast Research Farm in 2017 and 20181. 
1Means followed by the same letter within a column for each year are not significantly different at P value 0.1 using PDIFF 
method to determine significant difference.   
2Final stand assessed by counting the number of plants in the middle two rows. Counts were converted to plants/acre.  
3Percent of plants based in final stand that did not have a harvestable ear.  
 
 
In regards to planting date in 2017, the final stand was greater in the later planted corn than the 
earlier planted corn. Since root rot was more severe in the earlier planted corn than the later 
planted corn, this likely negatively affected final stand in the early planted corn despite there not 
being a difference in the 28 DAP stand between the two planting dates. In 2018, the final stand 
was less and barren plants greater in the later planted corn than the earlier planted corn. Root rot 
severity was greater however in the later planted corn, so that may have impacted the final stand. 
 Previous Crop  
2017 Final Stand 
(plants/hectare)2 
2018 Final Stand 
(plants/hectare)2 
2018 Barren Plants 
(%)3 
Corn  77,511 a 68,807 b 3.5 a 
Soybean  77,180 a 71,563 a 2.1 b 
Winter Rye  65,679 b 68,612 b 3.3 a 
P >F    
Corn vs Rye  
Corn vs Soy  
Rye vs Soy  
<.001 
0.674 
<.001 
0.683 
<.001 
<.001 
0.630 
<.001 
0.001 
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Additionally, more volunteer corn was observed in the late planted continuous corn plots, which 
likely also had a negative impact on the final stand.  
 
Table 13. Effect of planting date on final stand and barren plants of corn in field trials established 
at the Iowa State University Southeast Research Farm in 2017 and 20181. 
 
 
 
 
 
 
 
 
1Means followed by the same letter within a column for each year are not significantly different at P value 0.1 using PDIFF method to 
determine significant difference.   
2Final stand assessed by counting the number of plants in the middle two rows. Counts were converted to plants/acre.  
3Percent of plants based in final stand that did not have a harvestable ear.  
 
 
Yield 
No statistical differences in yield were detected among the seed treatments in 2017 or 2018  
(p = 0.732 and p = 0.586, respectively). Differences in yield were detected among the previous 
crop residues and planting date using contrasts in 2017 and 2018 (Figure 6, Table 14 and Figure 
7, Table 15; respectively). In 2017, the corn in the soybean residue had the greatest yield 
followed by the corn in the continuous corn, while the corn in the winter rye yielded the least. 
Yield penalties in continuous corn have been documented in other studies. For instance, Seifert 
et al. (2017) noted a 4.3% yield penalty with continuous corn. Yield penalties have also been 
observed in corn following a winter rye cover crop, particularly after the first or second year of 
introducing a cover crop (Iowa Learning Farms, 2019). Yield reductions in the first couple of 
years of using a cover crop are often attributed to not having the planter adjusted properly to 
plant into the cover crop residue (Iowa Learning Farms, 2019). Furthermore, a potassium 
deficiency was noted in the plots with the winter rye residue as these plots were planted where 
Planting Date 
2017 Final Stand 
(plants/hectare)2 
2018 Final Stand 
(plants/hectare)2 
2018 Barren Plants 
(%)3 
Early 71,933 b 70,116 a 2.6 a 
Late  74,978 a 69,205 b 3.3 b 
P >F    
Early vs Late   <.001 0.021 0.016 
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previous research was done with potassium. Improper planter settings along with the potassium 
deficiency likely contributed to the lower yield observed with the winter rye residue in 2017. In 
2018, corn planted into the soybean residue yielded the most followed by the corn planted into 
winter rye, and the continuous corn. Planter adjustments were made in 2018 for planting into the 
winter rye residue, which supports reports that yield penalties are reduced with more years of 
experience with a cover crop (Iowa Learning Farms, 2019). Volunteer corn was observed in the 
continuous corn plots. Volunteer corn can result in a 2% to 14% yield loss depending upon the 
density of the volunteer corn and if the volunteer corn is found in clumps or as individual plants 
(Rees and Jhala, 2018).  
 
In regard to planting date, the early planted corn had decreased yield compared to late planted 
corn in 2017 (p<.001), but no difference in yield was detected in the early or late planted corn in 
2018 (p = 0.261). The planting dates used within this study were well within the recommended 
planting dates for planting corn in Iowa thus reduced yield potential due to late planting (after 
mid-May) was likely not a factor (Licht et al., 2001). As mentioned above, incorrect planter 
settings and potassium deficiency that occurred in the early planted winter rye plots may have 
contributed to the difference in yield detected between the early and late planting date in 2017.  
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Figure 6. Yield (Mg/hectare) of corn treated with five seed treatments, planted early or late into 
corn, soybean or winter rye residue in field trials established at the Iowa State University 
Southeast Research Farm in 2017. 
 
Table 14. Effect of previous crop residue and planting date on corn yield (Mg/hectare) in field 
trials established at the Iowa State University Southeast Research Farm in 2017. 
Contrast MS Estimate Pr>F 
Corn vs Rye 316 3.25 <.001 
Corn vs Soy 38 -1.13 <.001 
Soy vs Rye 575 4.38 <.001 
Early vs Late 72 -1.27 <.001 
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Figure 7. Yield (Mg/hectare) of corn treated with five seed treatments, planted early or late into 
corn, soybean or winter rye residue in field trials established at the Iowa State University 
Southeast Research Farm in 2018. 
 
 
Table 15. Effect of previous crop residue and planting date on corn yield (Mg/hectare) in field 
trials established at the Iowa State University Southeast Research Farm in 2018. 
Contrast MS Estimate Pr>F 
Corn vs Rye 156 -2.28 <.001 
Corn vs Soy 228 -2.77 <.001 
Soy vs Rye 7 0.473 0.034 
Early vs Late 2 NS 0.261 
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CONCLUSIONS  
Seedling diseases like those caused by Pythium spp. can be a major problem for farmers in the 
Midwest depending upon the conditions at or shortly after planting. These results clearly show 
that environmental conditions, such as the weather at and shortly after planting and previous crop 
residue affect the presence or absence of seedling diseases in corn fields in southeast Iowa. 
Additionally, these field trials illustrated the impact previous crop residues have on plant stands, 
plant vigor, root rot severity, stalk rot severity, final stands, barren plants, and yield.  
 
Although differences among fungicide seed treatments were not always detected, this study 
showed that Pythium species play a major role in corn seedling disease in southeast Iowa 
because all seed treatments that contained an active ingredient that was effective against Pythium 
reduced disease and improved stand. Therefore, it is recommended that farmers use seed 
treatments that contain an active ingredient that is effective against Pythium as a best 
management practice to help prevent and mitigate seedling diseases caused by this pathogen.  
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